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ABSTRACT

Aim: One Shape Apical 1 (OSA 1) is a new file for preparing 
the apical aspect of the root canal after One Shape (OS, 
Micro Mega, Besançon, France). This study compared apical 
transportation and centering ratios in curved root canals, which 
were instrumented with ProTaper Next (PTN, Dentsply Tulsa 
Dental Specialties, Tulsa, OK) up to size X3 and with OS up 
to OSA 1.

Materials and methods: Forty-eight mesial canals of 
mandibular molars were assigned into two groups (n = 24) 
with respect to canal length and curvature. Root canals were 
accessed conventionally and preperation was completed with 
PTN files up to X3 or with OS up to OSA 1 according to the 
manufacturer’s protocols. Apical transportation was assessed 
pre- and postinstrumentation using cone-beam computed 
tomographic (CBCT) scans of 1, 2, 3, 4, and 5 mm sections. 
A Friedman test was performed to assess the significance 
between file systems.

Results: No significant difference was found between the file 
systems regarding apical transportation and centering ratio 
values (p > 0.05). Transportation in the mesial direction was 
greater than the distal transportation for both file systems. 

Conclusion: Considering apical transportation and centering 
ratio in curved canals, two systems provided similar results.

Clinical significance: Preparation up to One Shape Apical 1 
or ProTaper Next X3 was shown similar results regarding apical 
transportation and centering ratio. Both systems were safe to 
use in curved molar root canals.
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INTRODUCTION

The principal aim of root canal shaping is to increase the 
canal’s taper from apical to coronal third and to maintain 
its original overall shape as well.1 Achieving this aim can 
promote effective irrigation, root canal medication, and, 
finally, three-dimensional (3D) root canal filling.2 

Several different methods and devices have been 
introduced to facilitate appropriate root canal prepara-
tion. Nickel-titanium (NiTi) rotary files are used more 
than 20 years during root canal shaping. Their popular-
ity increase because they reduce treatment duration, 
operator-patient tiredness and procedural errors related 
with root canal shaping. Capacity for maintaining the 
original canal curvature depending to their flexibility 
is the one of the main advantage of NiTi instruments.3 

Definition of transportation is the iatrogenically 
moving of the physiologic terminus to a new position on 
the external root surface. When the canal is moved from its 
physiologic location, root structure may become weaker 
and the risk of perforation, ledge creation, and blockage 
may increase.4 In the case of transportation, root canal 
filling also may be impaired, resulting in microleakage.4 
Preparing prominent curved canals with appropriate 
endodontic instruments, as well preserving their original 
anatomy will always be difficult, because all devices and 
preparation methods are capable of transporting and 

ORIGINAL RESEARCH
10.5005/jp-journals-10024-1690



Comparison of Canal Transportation, Centering Ratio by Cone-beam Computed Tomography

The Journal of Contemporary Dental Practice, May 2015;16(5):360-365 361

JCDP

changing the original canal shape.5,6 The apical third of 
the root canal is a critical area because it may consist an 
important amount of microorganisms.7 Increased apical 
enlargement reduces microbial levels, but this can cause 
to procedural errors, such as root canal transportation 
and ledge, zip, elbow, and crack formation.8,9 Thus, 
different shaping systems face the challenge of creating 
centered preparations and minimizing apical root canal 
transportation. 

ProTaper Next (PTN, Dentsply Maillefer, Ballaigues, 
Switzerland) is a new set of rotary instruments designed 
with progressive and regressive percentage tapers and 
an off-centered rectangular cross section that gives the 
file a snake-like swaggering movement as it advances 
into the root canal. These instruments are manufactured 
from M-wire NiTi alloy that is claimed to improve 
file flexibility and resist cyclic fatigue while retaining 
cutting efficiency.10,11 All instruments are expected to 
passively follow the canal until the working length is 
achieved.12 There is currently only limited information 
available regarding the shaping ability of this particular 
instrument.13-15

The One Shape system (OS, Micro-Mega, Besançon, 
France) is another file system that is made of a conventional 
austenite 55 NiTi alloy and used in continuous clockwise 
rotation. These instruments have an innovative design 
with three different cross-sectional areas over the 
entire length of the file and have a variable pitch and 
non-cutting safety tip.16 This design is purported to 
eliminate threading and binding of the instrument 
during continuous rotation.17 Recently, manufactured 
One Shape Apical (OSA) files are single-use NiTi finishing 
instruments, which are used after shaping with OS in 
order to prepare the apical part of the root canal. Two 
instruments are available: OSA 1 (#30/.06) and OSA 2 
(#37/.06). One Shape Apical 1 instruments have a 0.06 
constant taper only between D0 to D5. Between D6 and 
D16, it has a 0 taper. The present in vitro study aimed to 
compare the apical transportation and centering ability 
of the two aforementioned systems via cone-beam 
computed tomography (CBCT).

MATERIALS AND METHODS

Curved mesial roots of mandibular molars, extracted 
for reasons unrelated to the present study, were used. 
Twenty-four fully formed human mandibular molars, 
yielding an average curvature of 20°,18 that had two 
different canals in the mesial root that terminated in two 
individual foramina were used. The distal root of each 
tooth, together with the coronary portion, was removed 

with a diamond disk and specimen length was adapted 
to 13 mm for standardization. The canals were accessed 
conventionally using a #10 K-file (Dentsply Tulsa Dental 
Specialties, Tulsa, OK, USA) to negotiate to the working 
length (WL) with sodium hypochlorite (NaOCl). The WL 
was decided using a microscope under 10× magnification 
by advancing a #10 K-file until it was flush with the 
apex and then subtracting 0.5 mm from this length. 
#15 K-file (Dentsply Tulsa Dental Specialties) was used 
for a glide path. Then, with the aid of silicon-based 
impression material (Speedex, Coltene/Whaledent, 
Altstätten, Switzerland), specimens were inserted at full 
length into the plastic mold in parallel position to the 
walls of mold. A preinstrumentation CBCT scan was 
then taken. The two balanced groups were randomly 
assigned: one to be instrumented by the PTN files and 
the other to be instrumented by the OS and OSA 1 files. 
All canals were prepared by one operator according to 
the manufacturer’s protocol using an electric motor with 
torque and speed control. The preparation sequences 
were as follows: PTN files were used with the sequence 
ProTaper Universal SX, PTN X1 (#17/.04), X2 (#25/.06), X3 
(#30/.07), at a rotational speed of 300 rpm and 200 gcm 
torque. Each file was used with a brushing motion similar 
to the ProTaper Universal files. The OS files were used 
with the sequence OS and OSA 1 at a rotational speed 
of 400 rpm and 400 gcm torque. In the case of apical 
resistance, the file was removed and cleaned, and the root 
canal was irrigated copiously. Canal irrigation consisted 
of 2 ml of 5.25% NaOCl that was used after every file 
change (PTN) or after every 3 insertions (OS and OSA 1). 
A #10 K-file was used after every irrigation cycle to 
maintain apical patency. Canals were flushed with 3 ml of 
a 5.25% NaOCl solution using a 30-gauge needle (NaviTip, 
Ultradent, South Jordan, UT, USA) that was inserted as 
deeply as possible into the canal without binding, after 
the final file reached to the WL. The final apical file size 
was 30, for both groups. After the WL was reached in 
all groups, CBCT imaging of the prepared samples was 
repeated using the same position and parameters as the 
preinstrumentation imaging in order to compare pre- and 
postpreparation images. 

CBCT Analysis

Specimens were scanned pre- and postinstrumentation 
with the CBCT device (Carestream 9000 3D, Carestream 
Dental LLC, USA) with the following settings: 5 mA, 
64 Kvp, and 76 µ voxel size. Pre- and postinstrumenta-
tion measurements were compared to determine the 
apical transportation and centering ability values (Fig. 1). 
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Similar formulas were used for calculations as in previ-
ous study.19 Calculation and comparison of all scans were 
made at 1-, 2-, 3-, 4- and 5 mm from the apical foramen 
using the software NTT Viewer (NTT Software Corpora-
tion, Yokohama, Japan) and Adobe Photoshop CS5 (Adobe 
Systems Inc, San Jose, CA). With regard to CBCT data, 
the distribution of transportation and centering ratio 
values was not normal. Data were assessed using the 
nonparametric Friedman test. The SPSS software (SPSS 
version 21.0, SPSS, Chicago, IL, USA) was used for the 
statistical analysis (p < 0.05 was considered as statisti-
cally significant). 

RESULTS 

The centering ratios and transportation values, regardless 
of direction, from the PTN and OSA 1 groups at five 
different sections of the canals (1, 2, 3, 4 and 5 mm from 
apex) are presented in Table 1. The mean transportation 
values in the mesial and distal directions are presented in 
Table 2. The mean transportation was toward the mesial 
wall for both file systems. No significant differences were 
detected between the two groups with respect to apical 

transportation and centering ratios (p > 0.05). There were 
no significant differences between different levels in PTN 
and OS groups (p = 0.244 and 0.237 respectively). 

DISCUSSION

Mandibular first molars that had two separate canals 
ending in two separate foramina in the mesial root were 
used in the present study. As shown previously, these 
teeth provide an excellent model for performing a side-
by-side comparison of two different shaping systems.20,21 
In addition, the complicated canal morphology and 
significant curvatures often make these canals challenging 
to prepare and will allow for a realistic evaluation of a 
file system’s true capabilities and performance level.20,21 
Parameters, such as canal length, apical diameter, the 
angle and the radius of canal curvature, were balanced 
in order to obtain anatomically comparable groups. 

Different methods have been used to assess apical 
transportation and centering ability.14-16,21-25 One of the 
most used methodology in nowadays is CBCT, since it is 
reproducible and allows to protection of the specimen.26 
Several images of the root canal before, during and 
after instrumentation could be captured via CBCT and 
they provided detailed information considering root 
canal anatomy.14,15,25 Even though micro-CT is accepted 
as the gold standard for assessing centering ability of 
different file systems, CBCT offers many advantages, 
such as including increased sensitivity and specificity 
for caries, periodontal and periapical lesions, 3D 
rendition, patient comfort, geometrically precise images, 
no intraoral placement of film or sensor and softtissue 
interpretation.27 It is also possible to select smaller field of 
view, compared to the medical CT scans, which results in 
high-resolution images, that enhances the accuracy and 
capacity of diagnosis.28,29 

In an attempt to obtain effective disinfection during 
root canal preparation, some authors have emphasized 
the need to use large-caliber instruments, especially in the 
apical third.30,31 Khademi et al32 reported that the amount 
of apical preparation for the penetration of canal irrigants 
to the apical third of the canal should be at least #30. In a 
previous study, ProTaper Next instruments prepared 25° 
to 39° curved canals up to an apical size of #30 without 
significant shaping errors or instrument fracture.33 
In the present study, the final apical preparation was 
determined to be size #30, because larger preparations 
might result in transportation of the root canal, on the 
other hand, smaller preparations might not remove all 
pulpal remnants and infected dentin.24,33,34 Dhingra 
and Parimoo35 reported that OS file system removed 
less residual dentine than Wave One file system. One 

Fig. 1: Cross-sectional CBCT scan images of pre- and 
postinstrumentation at 1, 2, 3, 4 and 5 mm sections
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Shape cappical 1 is a new file used to prepare the apical 
portion of the root canal, and there is no data regarding 
the shaping capabilities of OSA 1. The results of this study 
show that both systems produce similar results regarding 
canal transportation and centering ability such that the 
original shape of the curved canal was maintained with 
minimal changes. 

Apical transportation values that are more than 
0.3 mm can endanger the outcome of treatment due to 
a noticeable decrease in the sealing ability of obturation 
material.20 None of the transportation values measured 
in this study surpassed this limit. These results are 
consistent with studies that have used these systems 
previously.13,14,16,33 For example, Bürklein et al16 reported 
that OS properly maintained the original curvature of 
severely curved canals in extracted teeth. In addition, 
Capar et al,14 using CBCT imaging, found that PTN X2 
and OS maintained root canal curvature equally well 
and produced similar canal transportation during the 
preparation of mesial canals of mandibular molars. 

CONCLUSION

According to results of this in vitro study, no significant 
differences in measures of apical transportation and 
centering ratio in the preparation of curved mesial canals 
of mandibular molars were observed between the two 
systems. 

Clinical significance: Preparation up to OSA 1 or 
PTN X3 was shown similar results regarding apical 
transportation and centering ratio. Both file systems were 
safe to use in curved molar root canals.
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